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 ATTR-CM is a life-threatening, progressive disease that is often underdiagnosed and
misdiagnosed.
 Certain clinical scenarios have been identified that now warrant screening for ATTR-CM.
 Once ATTR-CM is suspected, a definitive diagnosis can usually be achieved noninvasively.













Transthyretin amyloid cardiomyopathy (ATTR-CM) is a life-threatening, progressive, infiltrative disease caused by the
deposition of transthyretin amyloid fibrils in the heart, and can often be overlooked as a common cause of heart failure.
Delayed diagnosis due to lack of disease awareness and misdiagnosis results in a poorer prognosis. Early accurate
diagnosis is therefore key to improving patient outcomes, particularly in the context of both the recent approval of
tafamidis in some countries (including the United States) for the treatment of ATTR-CM, and of other promising therapies
under development. With the availability of scintigraphy as an inexpensive, noninvasive diagnostic tool, the rationale to
screen for ATTR-CM in high-risk populations of patients is increasingly warranted. Here the authors propose a framework
of clinical scenarios in which screening for ATTR-CM is recommended, as well as diagnostic “red flags” that can
assist in its diagnosis among the wider population of patients with heart failure. (J Am Coll Cardiol HF 2019;7:709–16)
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CMR = cardiac magnetic
resonance
EKG = electrocardiogram
HFpEF = heart failure with
preserved ejection fraction
Tc = technetium
TTR = transthyretin protein
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710T ransthyretin amyloid cardiomyopa-thy (ATTR-CM) represents 1 of the 2most common types of cardiac
amyloidosis, an infiltrative heart muscle dis-
ease caused by extracellular deposition of
misfolded proteins which form insoluble
amyloid fibrils (1,2). ATTR-CM is a life-
threatening, progressive disease that can
affect the heart in isolation or as part of a
systemic disorder (2–4). The other main
type of cardiac amyloidosis is light-chain
(AL) amyloidosis, which arises from overpro-
duction and misfolding of monoclonal
immunoglobulin light chains (2). AL
amyloidosis is a relatively rare disease, char-
acterized by a rapidly progressive clinical
course which, if untreated, has a median sur-
vival of <6 months (5).ATTR-CM is caused by deposition of transthyretin
(TTR), a plasma protein predominantly produced in
the liver, which is responsible for transporting
thyroxine and retinol (1,6). TTR mainly exists in a
tetrameric state, but destabilizing mutations in the
transthyretin gene (TTR) and/or aging promote its
proteolytic remodeling and dissociation into mono-
mers which subsequently misfold and aggregate to
form amyloid fibrils that deposit in tissues (1,2,4,6).
In the case of ATTR-CM, amyloid fibrils mainly de-
posit in the interstitial space of the myocardium
leading to increased wall thickness and diastolic
dysfunction that can result in heart failure (HF) and
arrhythmias (2).
ATTR-CM exists as 1 of 2 subtypes, defined by the
precursor TTR protein. Hereditary, or mutant, ATTR
(ATTRm) amyloidosis is caused by the presence of
TTR mutations, resulting in a less stable TTR protein
(1). Wild-type ATTR (ATTRwt) amyloidosis, previ-
ously referred to as “senile systemic amyloidosis,” is
a result of age-related changes in wild-type TTR sta-
bility (1,4,7).
EPIDEMIOLOGY OF ATTRm. The prevalence of
ATTRm is difficult to establish due to the variable
geographical distribution of TTR mutations. Some
mutations are endemic in certain regions, but recent
estimates suggest that the prevalence in Europe is
<1 in 100,000 (8). Conversely, although endemic ininova has received personal fees from Pfizer. Dr. Obici has receive
s received grants from Pfizer; and has received personal fees from
ants from Pfizer, Alnylam, and Prothena; and has received pe
une, and Akcea.
received January 25, 2019; revised manuscript received April 15,some areas of Japan, the overall prevalence in Japan
is thought to be much lower, approximately 1 in
1,000,000 (9). The valine 122 isoleucine substitution
TTR mutation most commonly affects individuals of
Sub-Saharan African ancestry and has an allele prev-
alence of 3% to 4% within the African-American
population (10).
EPIDEMIOLOGY OF ATTRwt. Recent data suggest
that ATTR-CM is overlooked as a cause of common
cardiovascular conditions in older people, with
relatively high rates among individuals diagnosed
with HF with preserved ejection fraction (HFpEF)
(11), low-flow aortic stenosis, and settings of
increased wall thickness (3). Additionally, autopsy
data have shown that among adults 80 years of age
or older, 25% have significant TTR amyloid deposits
in the myocardium (12). Despite being historically
considered a disease of older age, there have been
reports of diagnosis of ATTRwt in patients as young
as 47 years (13). Although the exact prevalence of
ATTRwt is unknown, it is almost certainly the most
common cause of cardiac amyloidosis, particularly in
the elderly, potentially accounting for up to 10% of
elderly patients with HF (1,4). With a convenient
and relatively inexpensive imaging modality, bone
scintigraphy, having strong evidence as an accurate,
noninvasive approach to diagnosing ATTR-CM
(14,15), the number of patients identified as having




Although ATTR-CM commonly presents with symp-
toms of HF or arrhythmias, amyloidosis is a systemic
disease and can cause various noncardiac symptoms
(3,16). Ophthalmological, neurological, and gastroin-
testinal symptoms can all be extracardiac signs of
cardiac amyloidosis, particularly in ATTRm (1,16).
Medical management of ATTR-CM remains a signifi-
cant unmet need, with treatments for ATTR-CM
currently being limited to the alleviation of HF
symptoms, including sodium restriction or aldoste-
rone antagonists in combination with loop diuretics
(2,4). Heart transplantation alone or, in some ATTRm
patients, in combination with liver transplantation, isd personal fees from Pfizer, Alnylam, and Akcea. Dr.
Pfizer, Alnylam, and Prothena. Dr. Garcia-Pavia has
rsonal fees from Pfizer, Eidos, Alnylam, Prothena,
2019, accepted April 16, 2019.
CENTRAL ILLUSTRATION Screening for ATTR-CM
Witteles, R.M. et al. J Am Coll Cardiol HF. 2019;7(8):709–16.
Patient populations deemed at-risk of ATTR-CM to the extent that would warrant
screening. ATTR-CM ¼ transthyretin amyloid cardiomyopathy.
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711an option for selected patients, but there are major
limitations to these approaches, including trans-
plantation eligibility, extracardiac organ involve-
ment, limited organ supply, and post-transplantation
complications (1,3,4,17). Until recently, there were no
approved pharmacological therapies for use in pa-
tients with ATTR-CM. Based on positive phase III
clinical trial results, tafamidis, a TTR stabilizer, has
been approved in some countries for the treatment of
hereditary and wild-type forms of ATTR-CM (18,19).
Another TTR stabilizer has shown promising results
in a recent phase II trial (20), and favorable results in
clinical trials testing gene silencing compounds for
neurologic dysfunction in ATTRm (21,22) suggest that
other pharmacologic approaches may also be effec-
tive in managing ATTR-CM in the future.
DELAY TO DIAGNOSIS AND
MISDIAGNOSIS OF ATTR-CM
Early diagnosis of ATTR-CM is key, as prognosis
worsens rapidly with continued amyloid deposition
and subsequent advancing organ dysfunction (3).
However, diagnosis is often delayed owing to low
disease awareness or misdiagnosis, which can be
attributed to the previously perceived rarity of the
disease, fragmented knowledge, erroneous beliefs
around diagnosis and treatment, the heterogenic and
multisystemic nature of the disease, and symptom
overlap with other conditions (1,3,7). As a result, a
high index of clinical suspicion is paramount to
facilitate early and accurate diagnosis (7,23). Typi-
cally, a patient’s cardiac disease progresses during
the period of unidentified ATTR-CM, which is most
often unrecognized during its early symptomatic
stage. Diagnosis mostly occurs in the later stages of
disease following the manifestation of serious cardiac
symptoms (23,24).
The impact of ATTR-CM symptoms on a patient’s
quality of life can be significant, and the disease is
associated with financial burden and professional
difficulties (25). In a survey of ATTR-CM patients, 17%
of all respondents reported visiting 5 different phy-
sicians before receiving the correct diagnosis. More
than 50% of ATTRm and 39% of ATTRwt patients
received a misdiagnosis; of those 76% and 75%,
respectively, received treatment for the mis-
diagnosed condition (26). Additionally, a recent study
from 2 European amyloidosis centers showed that
35% of ATTRwt patients had been previously mis-
diagnosed with other conditions, with hypertensive
heart disease being the most frequent misdiagnosis
(27). The result of misdiagnosis is, therefore, not only
a prolonged time to appropriate patient managementstrategies, but also the risk of inappropriate treat-
ments (28). Typical antihypertensive and HF treat-
ments such as beta blockers, angiotensin-converting
enzyme inhibitors, or angiotensin II receptor antag-
onists are ineffective in cardiac amyloidosis patients,
and often lead to clinical worsening (1,29). Moreover,
other drugs such as digoxin and calcium channel
blockers are relatively contraindicated in cardiac
amyloidosis patients (1).
It is therefore crucial that physicians are aware, not
only of ATTR-CM, but also of appropriate assess-
ments, diagnostic tools, and clues within the pa-
tient’s medical and family history that can help to
elucidate etiology; this is of particular importance in
light of the approval of tafamidis by the United States
Food and Drug Administration (FDA) and in other
countries (19), and of several emerging therapies
which offer future treatment options for a disease
which previously had none (13).
A clear framework of possible clinical scenarios and
subsequent assessments is needed to aid in the
identification of those at risk of having undetected
ATTR-CM.
CLINICAL SCENARIOS AND
“RED FLAGS” FOR ATTR-CM
A proposed disease identification framework, estab-
lished by an international panel of 11 amyloidosis
experts, is presented here. A list of clinical scenarios
and red flags were proposed and considered by a
working group of experts in the field. Their
FIGURE 1 Further Evidence to Support a Suspicion of ATTR-CM
“Red flags” that further support the possibility of an underlying ATTR-CM. ATTR-CM ¼
transthyretin amyloid cardiomyopathy; CMR ¼ cardiac magnetic resonance imaging;
EKG ¼ electrocardiogram.
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712subsequent discussions evaluated the language used
to describe the clinical scenarios, their suitability for
reflecting an underlying ATTR-CM, and usefulness to
raise suspicion to define patient characteristics that
would warrant screening for ATTR-CM (Central
Illustration), and additional red flags that may help
to further heighten suspicion or support the possi-
bility of an underlying ATTR-CM as part of general
clinical practice (Figure 1).
When developing a screening tool to aid in the
recognition of a disease, one should consider the
disease prevalence; the ease, impact, and accuracy of
diagnostic testing; and the potential for effective
treatment. In the case of ATTR-CM, prevalence islikely higher than initially thought (15), bone scin-
tigraphy represents a low-cost, low-impact diagnostic
test (14), and there is now a drug approved by the FDA
and in other countries with proven efficacy and safety
in a phase III clinical trial (18,19), with others in
development (1). Therefore, a broad screening
approach to identify ATTR-CM is recommended
within certain clinical scenarios (Central Illustration).
CLINICAL SCENARIOS THAT WOULD
WARRANT SCREENING FOR ATTR-CM
The most common symptom of ATTR-CM is HF (1).
Increased wall thickness caused by amyloid fibril
deposition is a prominent characteristic of ATTR-CM
(4) and can lead to ventricular stiffening and left
ventricle diastolic dysfunction. One study showed
that, in a cohort of 120 Caucasian patients aged $60
years with increased left ventricular wall
thickness $12 mm admitted for HFpEF, 13.3% suf-
fered from ATTRwt (11).
A significant male predominance has been reported
in both ATTRwt (approximately 85% to 95%) and
ATTRm, with a clear association between increased
age and both ATTRwt and the most common types of
ATTRm mutations (23,30,31). More recent findings
have also suggested that a wider age range might be
affected, as well as a higher proportion of female
patients than previously recognized (13,27). As an
example of the recently recognized increased
involvement among women is that in the above-
mentioned HFpEF cohort, 50% of identified ATTRwt
patients were female (11).
Furthermore, in a cohort of predominantly male
Caucasian patients (76%) with increased left ventric-
ular wall thickness $15 mm, ATTRm was found
in 7.6% of patients older than 55 years, including
only 1.6% of patients aged 55 to 64 years, but 11.1%
and 11.3% of patients aged 65 to 74 years and 75 to
84 years, respectively (32). Therefore, screening sus-
pected individuals older than the age of 65 years with
increased left ventricular wall thickness is particu-
larly recommended.
Based on these values, the expert panel believe
that the clinical scenarios of increased wall thickness
with either HF or red flag signs/symptoms (see below)
in men older than 65 years or women older than 70
years are expected to represent a significant rate of
diagnosis, supporting the investigation of disease
etiology through screening of these patients.
RED FLAGS FOR ATTR-CM
Clinical clues or red flags that should further heighten
suspicion or alert clinicians to the possibility of
FIGURE 2 Achieving a Noninvasive Diagnosis of ATTR-CM
Within a defined population of at-risk individuals, diagnosis of ATTR-CM can be achieved
noninvasively through a combination of scintigraphy and testing for light-chain
amyloidosis. ATTR ¼ transthyretin; ATTR-CM ¼ transthyretin amyloid cardiomyopathy;
99mTC-DPD ¼ 99mTc-labeled 3,3-diphosphono-1,2-propanodicarboxylic acid; 99mTC-
PYP ¼ 99mTc-labeled pyrophosphate; 99mTC-HMDP ¼ 99mTc-labeled hydroxy-
methylene diphosphonate.
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713ATTR-CM as an underlying condition are listed in
Figure 1. The presence of any of these red flags
together with increased left ventricular wall thickness
should lead to screening as described in Figure 2.
ECHOCARDIOGRAPHY. Echocardiography revealing
a reduction in longitudinal strain with relative apical
sparing can help to distinguish cardiac amyloidosis
from other causes of increased left ventricular wall
thickness (33).
ELECTROCARDIOGRAPHY. Another clue to cardiac
amyloidosis is the discrepancy between left ventric-
ular wall thickness and QRS voltages on a standard
12-lead electrocardiogram (EKG); although low volt-
ages on an EKG in the setting of increased left
ventricular wall thickness is a classic feature of car-
diac amyloidosis, many ATTR-CM patients do not
have frankly low voltages, but instead have a
discrepancy between the presence of left ventricular
hypertrophy on imaging with normal, or low-normal,
voltages on EKG (3,4).
Atrioventricular block is another indicative feature
of ATTR-CM and may be seen in up to 22% of patients
with cardiac amyloidosis (34). Cardiac conduction
abnormalities may be the first manifestation of
ATTR-CM, and amyloid infiltration of the sinus and
atrioventricular nodes may necessitate pacemaker
implantation (1). A recent referral for a pacemaker for
atrioventricular block, in the presence of left ven-
tricular hypertrophy, should therefore raise clinical
suspicion of ATTR-CM.
CARDIAC MAGNETIC RESONANCE. Suspicion for
hypertrophic cardiomyopathy with evidence of infil-
trative features, such as pericardial effusion, atrio-
ventricular block, interatrial septal and valvular
thickening, and apical sparing of longitudinal strain
are all suggestive of ATTR-CM (3). Myocardial depo-
sition of amyloid fibrils increases the extracellular
volume and results in the accumulation of exogenous
gadolinium contrast, seen with cardiac magnetic
resonance (CMR) (3,4). Marked extracellular volume
expansion, abnormal nulling time for the myocar-
dium, and diffuse late gadolinium enhancement on
CMR are, especially in combination, highly suspicious
of ATTR-CM.
SYSTEMIC SYMPTOMS. The coexistence of systemic
symptoms involving the peripheral and/or autonomic
nervous system along with cardiac dysfunction are
important clues to the presence of ATTR-CM (17) —
although this is less common in ATTRm patients with
the valine 122 isoleucine mutation (7), which is
prevalent in the United States (35). Bilateral sensory-
motor polyneuropathy that begins in the lower limbs
and follows an ascending pattern, dysautonomia inthe form of orthostatic hypotension, diarrhea/con-
stipation and erectile dysfunction, and eye involve-
ment such as glaucoma, intravitreal deposition, and
scalloped pupils, may be present in ATTRm (1). Carpal
tunnel syndrome, lumbar spinal stenosis, and bicep
tendon rupture are all common extracardiac mani-
festations in wild-type ATTR-CM. Bilateral carpal
tunnel syndrome is often 1 of the earliest indicators of
ATTR-CM, is the most common noncardiac manifes-
tation (1,17,24), and can precede clinical HF by several
years (2). A recent study found it present in approx-
imately 50% of individuals with ATTRwt 5 to 7 years
before diagnosis (36). Lumbar spinal stenosis and
traumatic bicep tendon rupture have also been iden-
tified as clinical manifestations of extracardiac amy-
loid deposition in ATTRwt (1,37,38).
BIOMARKERS. Serum troponin levels are often
persistently elevated (2), and, in the absence of an
apparently severe cardiomyopathy on echocardio-
gram, should raise suspicion of ATTR-CM. N-terminal
pro-B-type natriuretic peptide is also nearly always
elevated in cases of cardiac amyloidosis (1,2), often
disproportionately for the degree of HF.
TABLE 1 Serum and Urine Tests to Rule Out AL Amyloidosis*
Test What Does it Detect? Most Sensitive Test for: Normal Range
SPIE† Clonal immunoglobulin






and/or clonal light chain







Ratio of serum kappa:lambda
light chains
Detecting low-level clonal light
chain production; clonality




*If any of these tests are abnormal, bone scintigraphy should not be used to make the diagnosis of ATTR
amyloidosis, and biopsy is recommended. †SPIE and UPIE are more sensitive than protein electrophoresis without
immunofixation and should be ordered as the preferred tests. ‡In patients with kidney disease, mild elevations in
the kappa:lambda ratio are frequently encountered. In the setting of a normal SPIE/UPIE, a kappa:lambda ratio up
to 2.5 can typically be considered normal.
AL ¼ light-chain; ATTR ¼ transthyretin amyloidosis; SPIE ¼ serum protein electrophoresis with immunofix-
ation; UPIE ¼ urine protein electrophoresis with immunofixation.
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714ACHIEVING A DEFINITIVE DIAGNOSIS
OF ATTR-CM
Once ATTR-CM is suspected, a timely, definitive
diagnosis is recommended. On average, ATTR-CM
patients have an approximate survival of 3 to 5
years from diagnosis (39), with the median survival
time in ATTRm ranging from 26 to 62 months
(35,40,41), and the median survival time in ATTRwt
ranging from 43 to 67 months from diagnosis
(13,30,31,35,40) and 73 months from symptom onset
(31). Features ascertained from electrocardiography,
echocardiography, CMR, and cardiac biomarkers are
routinely used to identify cardiac abnormalities (3),
and neurologic, ophthalmologic, and gastrointestinal
assessments can help to identify noncardiac symp-
toms (7). A diagnosis can and should be achieved as
soon as possible once suspicion has been raised, and
noninvasive approaches to definitively diagnose
ATTR-CM are available (Figure 2).
BONE SCINTIGRAPHY. Bone scintigraphy is a highly
sensitive imaging technique that is used to evaluate
the distribution of active bone formation in the body
(42). Scintigraphy with technetium (Tc)-labelled
bisphosphonates localizes to TTR cardiac amyloid de-
posits, although the molecular basis for this remains
unknown (15). 99mTc-labeled 3,3-diphosphono-1,2-
propanodicarboxylic acid, 99mTc-labeled pyrophos-
phate, and 99mTc-labeled hydroxymethylene
diphosphonate have all shown high sensitivity and
specificity for imaging cardiac TTR amyloid (15). The
sensitivity of a positive scan alone for detecting TTR
amyloid deposits was >99%, with a specificity of 86%
in a large international study with more than 1,200
individuals. False-positive results were found mostly
in AL amyloidosis patients (15).
RULING OUT AL AMYLOIDOSIS. Gillmore et al. (15)
have shown that cardiac localization of radiotracerin bone scintigraphy can occur in approximately 30%
of patients with AL amyloidosis, which can confound
the distinction between cardiac amyloidosis etiol-
ogies. As the survival of untreated patients with AL
amyloidosis with cardiac involvement may be
<6 months (5), and given the availability of disease
modifying therapies for AL amyloidosis (2), ruling out
this disease should be considered a clinical priority.
This can be achieved through measuring the propor-
tion of kappa:lambda light chains with the serum free
light chain assay, and testing for immunofixation
electrophoresis of serum and urine. The combination
of serum and urine immunofixation and quantifica-
tion of serum free light chains has a 99% sensitivity
for identifying AL amyloidosis (3). Serum and urine
protein electrophoresis should always be performed
with immunofixation to increase the sensitivity of the
assays for detecting low-level monoclonal proteins
(Table 1). In the absence of a detectable monoclonal
protein or an abnormal serum free light chain ratio,
the specificity of bone scintigraphy for ATTR-CM is
100% (15).
BIOPSY. Traditionally, a definitive diagnosis of
amyloidosis has been obtained through tissue biopsy
stained with Congo red, which shows pathogno-
monic green birefringence of amyloid deposits when
viewed under polarized light (3,15). Although the
historic gold standard for diagnosis of cardiac
amyloidosis was through endomyocardial biopsy
(4,7), this invasive approach requires expertise and
carries potential risks (43). Extracardiac biopsy
specimens, such as abdominal fat pad, can yield a
diagnosis in some patients, but the diagnostic accu-
racy can be particularly low in ATTR amyloidosis due
to a high false-negative rate (3,44). Currently, his-
tologic confirmation is still needed in cases where
both bone scintigraphy and tests for monoclonal
protein (suggestive of possible AL amyloidosis) are
abnormal, to confirm and type amyloid deposits by
immunohistochemistry or mass spectrometry. Given
that between approximately 2% to 8% of the general
population older than 65 years of age exhibit find-
ings compatible with monoclonal gammopathy of
undetermined significance (45), this is not a rare
scenario in the evaluation of a patient with sus-
pected ATTRwt amyloidosis. We recommend mass
spectrometry as the preferred method for amyloid
typing in most cases, as immunohistochemistry
findings are often subtle and can be misinterpreted if
not in very experienced hands (46).
GENETIC TESTING. Given that it is not possible to
reliably distinguish between ATTRm and ATTRwt
by clinical or histologic techniques, TTR gene
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715sequencing is recommended for the definitive diag-
nosis in all forms of confirmed ATTR-CM (1).
CONCLUSIONS
ATTR-CM represents a significant burden to patients
and health care systems alike, particularly as it is
associated with protracted diagnosis, or misdiag-
nosis, leading to delays in the application of appro-
priate management strategies. Generally low levels of
disease awareness coupled with heterogeneity of
clinical manifestations have resulted in suboptimal
recognition and identification of ATTR-CM. Tradi-
tional, invasive diagnostic tools are no longer deemed
necessary to achieve definitive diagnosis for most
patients, owing to the diagnostic accuracy of bone
scintigraphy. Given the recent approval of tafamidis
by the FDA and in other countries based on a positive
ATTR-CM phase III trial, with further promising
therapies in development, it is important to correctly
identify patients. Within this current framework, aseries of clinical scenarios and clues that should raise
suspicion of ATTR-CM, and diagnostic approaches,
have been outlined.
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